Abstract. We re-examine the Crab nebula, using ve years of COMPTEL observations. A 30 bin 0.78{30 MeV spectrum is presented. It shows a spectral break at the edge of the COMPTEL energy range, and connects well to the EGRET spectrum, probably re ecting electron energy losses in the synchrotron emission scenario. Such a smooth continuum model alone may not be su cient to explain the observations. A weak bump in the spectrum at 1{2 MeV may be present. No evidence for distinct line emission is seen.
INTRODUCTION
The Crab nebula is an extensively studied 943 year old SNR. The pulsar wind from the central, isolated pulsar supplies high-energy particles that synchrotron radiate while gyrating in the magnetic eld of the nebula, but in situ acceleration has to occur as well.
The radio-to--ray spectrum consists of a mix of di erent power-law components, which seem to indicate three electron populations. The continuum emission up to 1: 8 10 13 Hz is associated with the optically visible nebula. The break may re ect the energy losses for electrons as old as the SNR; the average eld of the optical nebula can then be calculated to be 3 10 ?4 G. Consequently, the electrons responsible for the torus of X-ray emission, the spectrum of which breaks somewhere between 60 and 150 keV 1], should have a lifetime of 1 month. The inner edge of the nebula lies at 0.08 pc, so it is clear that these electrons have been accelerated in or near the nebula.
De Jager et al. 2] discuss evidence for a third spectral break at 26 MeV, based on early observations by COMPTEL and EGRET, which is addressed below. This would indicate another population of energetic electrons, with lifetimes of 1 day. We present further evidence for this spectral break using more COMPTEL data, obtained during the rst ve years of the mission, and a more recent EGRET spectrum.
OBSERVATIONS AND DATA ANALYSIS
The Crab region is very well exposed by COMPTEL. Observations 0 (data obtained during the veri cation phase), 1 The Crab nebula is disentangled from the central pulsar by selecting events in the o -pulse phase 0.525{0.915, as de ned by Nolan et al. 3] , assuming there is no pulsar emission in the o -pulse phase. Our analysis thus gives 39% of the ux, which is then normalized to the full period.
We applied a maximum-likelihood method 4] to obtain ux estimates and to construct spectra with narrow energy bins equal to twice the FWHM of the COMPTEL energy resolution (5{10%). At high energies (> 10 MeV) the limited number of events requires a larger binning, resulting in a total of 30 statistically independent bins. The likelihood analysis requires, for each energy interval separately, a careful estimate of the instrumental and isotropic background. In this analysis we applied a lter technique to the data space 5]. This lter eliminates, to rst order, any source signature present. An iterative process then further corrects the background for the smeared-out source signature in each iteration.
In this work we use point spread functions (PSFs) from analytical modeling based on single-detector calibrations. PSFs from Monte Carlo simulations of the instrument are preferred, but not available yet for the narrow energy bins used here. A globally somewhat softer spectrum is expected with the simulated response (about 0.1 in spectral index). Their best-t result is shown as a dashed line in Fig. 1 (limited to the 1{ 100 MeV range). Fig. 1 shows that the spectral break represented in the model begins in the COMPTEL domain. We have t our data and the rst 3 EGRET points to the rst term of the equation. We ignore the IC component of the model, which is valid because the IC in uence on the used data points is negligible. For the t parameters we nd: the energy cut-o E 0 = 41 3 MeV, K s = (1:29 0:04) 10 ?4 cm ?2 s ?1 MeV ?1 , and ? s = 2:02 0:03, with a reduced 2 of 1.9 for 28 degrees of freedom (dof). The 1 errors on the t parameters have been calculated by increasing the 2 min with 3. 5 9] . The result can be seen in Fig. 1 (solid line) . The cut-o energy is somewhat sensitive to the EGRET data points. Leaving all EGRET points out gives t parameters E 0 = 25 3 MeV, K s = (1:39 0:04) 10 ?4 cm ?2 s ?1 MeV ?1 , In order to obtain the cleanest data, we selected only 39% (the unpulsed fraction) of the available nebula events. However, as the emission from the nebula dominates the total emission from the Crab, we have used the set of all available events (pulsar contaminated) for our analysis as well. The result is shown in Fig. 2 . A t of the 0.78{10 MeV data points to a simple powerlaw spectrum gives a reduced 2 18 of 4.5, which is a clear indication that the spectrum is more complicated. In particular, a feature at 1{2 MeV, for which some evidence could in fact already be seen in Fig. 1 , seems more pronounced in the total Crab spectrum. We cannot exclude, however, that it is associated with the pulsar, if real. See also Much et al. in these proceedings. The BATSE (35{1700 keV) Cycle 1{3 total Crab spectrum 11], although higher than the GRIS and COMPTEL points 12], shows a deviation from a simple power-law spectrum, which can be interpreted as a rise near 1 MeV as well. FIGURE 2. COMPTEL spectrum of the total Crab emission. Up to 10 MeV, the bin width is equal to twice the FWHM of the instrumental energy resolution. Between 10 and 30 MeV, broader energy bins were chosen. The highest energy upper limit is not shown.
CONCLUSIONS
COMPTEL observations from the rst ve years of the mission were combined to obtain and study a ne binned spectrum of the Crab supernova nebula. A reasonable t to the o -pulse uxes can be obtained with the synchrotron component of the model from De Jager et al. 2], giving a break energy of about 25{40 MeV. No signi cant evidence for line emission is found. An indication for a bump at 1{2 MeV cannot readily be explained by known systematic and statistical errors.
